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PUBLIC HEALTH REPORTS 

VOL. 35 JUNE 18, 1920 No. 25 

RECENT WORK ON PELLAGRA.^ 

By Carl Voegtlin, Senior Pharmacologist (R), Hygienic Laboratory, United States Public Health 

Service. 

Pellagra was discovered in 1735, nearly two centuries ago, by 
Caspar Casal, a physician of Asturia, Spain, who very early recog- 
nized the triad of its symptoms, viz., cutaneous, digestive, and nerv- 
ous. The cutaneous manifestations consist of a bilateral erythema 
appearing rather suddenly upon the exposed surfaces of the body, 
and being followed by the peeling oif (desquamation) of the affected 
skin. The digestive symptoms consist of stomatitis, constipation, 
and diarrhea. The nervous manifestations include changes in reflex 
irritability and sensation, tremors, psychic abnormalities, and some- 
times convulsions. The diagnosis is entirely dependent on the skin 
lesions, in the absence of which it is always doubtful. Unless prop- 
erly treated the disease runs a very chronic course and often leads 
to a fatal outcome. 

Time does not permit me to go into detail concerning the numerous 
theories which have been advanced in the course of the last two cen- 
turies to explain the origin of pellagra. It suffices to state that over 
a hundred years ago Marzari put forth his corn theory, according to 
which pellagra is due to the consumption of a more or less exclusive 
diet of corn. This theory was later modified by other Italian students 
of the disease, who attributed pellagra to the consumption of toxic 
substances contained in "spoiled" corn, which originate in corn 
through the growth of certain fungi. This theory held a prominent 
place in the history of pellagra until very recently. Finally it was 
claimed by others that pellagra is caused by a specific organism. 
None of these theories, however, was supported by convincing 
evidence. 

A very significant feature of pellagra is its limited geographical 
distribution, as may be seen from the accompanying illustration. 
It was first discovered in northern Spain. About 20 years later its 
existence was. recognized in northern Italy, then in the southwestern 

'Read before the Harvey Society of New York, Jan. 24, 1920. 
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part of France, in the Balkans, especially Roumania, and more 
recently in lower Egypt, Mexico, the West Indies, and the United 
States, appearing in endemic form in all these countries. A few 
sporadic cases have been reported from Great Britain, Canada, South 
Africa, and India. 



i 

i 




The history of pellagra in this country shows that previous to 
1908 cases had been placed on record; but its unquestioned recog- 
nition as an endemic disease dates from 1908. The United States 
Public Health Service early recognized the seriousness of the situa- 
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tion and began an extensive study of the epidemiology of the disease. 
It was shown that up to 1912, 30,000 cases, with a case fatality rate 
of 40 per cent, had occurred here. (Lavinder, 1913.) Clinical 
studies were also begun at the hospital of the service in Savannah^ 
Ga., and Drs. Lavinder and Francis (1917) carried out an extensive 
investigation of the transmissibility of the disease to monkeys by 
means of various body fluids and excretions obtained from pellagra 
patients. These investigations led to negative results. In 1909 the 
governor of Illinois appointed a commission to study the disease in 
that State; and the Thompson McF addon Commission began its 
work in South Carolina in 1912. More recently Jobling and Peterson 
(1916) studied the epidemiology of the disease in Tennessee. 

In October, 1913, I was directed by the Surgeon General to inves- 
tigate the relation between diet and pellagra. During the first three 
months my efforts were confined mainly to a thorough review of the 
literature for the purpose of gathering all the available information 
regarding the characteristics- of the diet used by pellagrins. During 
a visit to the service hospital in Savannah in December, 1913, I was 
much impressed by the evident beneficial effect of a mixed diet on 
the course of the disease. After consulting the earlier as well as the 
recent literature on pellagra I found it contained many very positive 
statements of physicians with a wide experience to the effect that a 
mixed diet, including fresh milk, meat, and eggs, was the only effi- 
cient method of treatment. Thus Casal, vStrambio, and others speak 
of the good results obtained with a mixed diet. Roussel, in his 
admirable ''Traite de la Pellagre," states that the real treatment of 
pellagra is a milk diet, and supports this statement by the histories 
of a number of cases which were evidently cured by a liberal diet. 
Lussana and Frua (1866), on the basis of over 8,000 cases treated 
with a liberal mixed diet, claim that the mortality fell from 24.5 to 
4.5 per cent, and that the recovery rate increased from 20 to 75 per 
cent as a result of this treatment. The value of the dietary treatment 
was, therefore, well estailished and almost universally accepted even by 
adherents of the infectious and "spoiled-corn" theories. This was a 
most significant fact which gained in importance when it was brought 
into relation with the characteristics of the diet consumed by persons 
■prior to their attack of pellagra. The striking features of this diet 
appeared to be its lack in certain animal foods, such as milk, meat, and 
eggs, the same foods whicli proved to be so beneficial in the treatment of 
the disease. 

The most valuable information on this point was obtained from 
the writings of Roussel (1845 and 1866), Lombroso (1892), and 
especially from the detailed dietary studies of Wussow and Grindley 
(Illinois Pellagra Commission, 1911) in several insane hospitals in 
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Illinois, where, in 1909, an epidemic of pellagra had occurred. These 
authors called attention, first, to the insignificant part played in these 
dietaries by corn products, and, second, to the vegetable character 
of the diet, especially its "low content in animal protein." In the 
conclusions of their report, the Illinois Pellagra Commission dis- 
credited any causal relation between corn and pellagra, as the corn 
products constituted only a moderate proportion of the general diet of 
those affected by the disease. The commission, however, regarded 
the deficiency of the diet in animal proteins as merely a predisposing 
cause, which might so alter the body that the infecting organism 
had a better chance to grow. 

A critical analysis of these two conclusions in the light of all the 
other available information led me to assume that there was a causal 
relation between a mainly vegetable diet and pellagra, and that 
there was sufficient ground to blame the diet as such for the causation 
of the disease. This idea was especially strengthened by the extensive 
dietary studies which had been carried out by Atwater and Lang- 
worthy (experiment station bulletins) in various sections of the 
United States, and which plainly revealed the fact that while corn 
entered into the average American diet, there was a great difference 
in the diet of the poorer people living in the South as compared with 
that of the people in the North. The former live on a largely vegetable 
diet in which cereals and pork fat take a predominant part; the 
latter consume a mixed diet including a fair amount of milk, meat, 
and eggs. Pellagra is endemic in the South and occurs only sporadi- 
cally in the northern States. 

The history of pellagra in France added further support to this 
hypothesis, and from the accounts of Roussel and LeFer (1907), 
it became verj'^ evident that pellagra disappeared from France 
simultaneously with improved dietary conditions in the affected 
regions. Here also the available information pointed to a restricted 
vegetable diet as the cause of pellagra. With the gradual improve- 
ment in the economic conditions and a simultaneous change to a 
diet containing more animal foods, the disease disappeai'ed. In other 
words, the history of pellagra in France represents a preventive experi- 
ment on a large scale, in which diet seemed to play an important r61o. 

At the time I formulated my hypothesis (1914), it was difficult 
to explain satisfactorily the nature of the defect of the vegetable diet 
which could be held responsible for the causation of pellagra, although 
recent observations on the pathology and phj^siology of nutrition 
offered certain definite suggestions. Thus, beriberi and scurvy were 
considered to be caused by a deficiency in the diet of certain sub- 
stances of unknown chemical composition called "vitamines." 
The early stages of the fundamental work of Osborne and Mendel, 
and of McCollum and his associates, also began to throw new light 
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on the physiological requirements for proper nutrition. The results 
obtained by these investigators suggested the possibility that a 
restricted vegetable diet might be defective on account of (1) a 
deficiency or absence of certain vitamines; (2) the presence of some 
toxic substances; and (3) a deficiency in certain essential amino 
acids (Voegtlin, 1914). 

In order to obtain further support for the hypothesis that a 
restricted vegetable diet is responsible for pellagra, this hypothesis 
was put to an experimental test. Extensive feeding experiments 
were begun in January, 1914, with various species of laboratory 
animals which were kept on a restricted diet of cereals, tubers, or 
lesumes, foods which had been shown to form the bulk of the diet 
of pellagrins. It was soon found that the animals could not subsist 
on these diets, and symptoms referable to the digestive and nervous 
systems were observed. The addition of milk and eggs to this 
vegetable diet led to proper nutrition and well-being (Voegtlin, 191-5). 
Early in the summer of 1914, the Public Health Service organized a 
hospital in Spartanburg, S. C, for the purpose of studying the rela- 
tion of diet and pellagra. It was proposed to study here the following 
three main subjects in outspoken and uncomplicated cases: First, 
the comparative value of a mixed diet and a restricted vegetable 
diet in the treatment; second, the abnormalities of the metabolism; 
and third, the therapeutic value of extracts made from foods which 
were supposedly rich in so called "vitamines." 

Metabolism in Pellagra. 

Modern medicine is relying to a constantly increasing extent on 
the study of the metabolism for the proper diagnosis and treatment 
of disease. Metabolic studies have also been of great assistance in' 
clearing up the cause of certain diseases of unknown origin. For 
these reasons an exhaustive study of the metabolism of pellagra is 
very desirable. The work so far accomplished in this study has led 
to very interesting observations. It was found that the utilization 
of food (Hunter, Givens, and Lewis, 1916) is normal, except in cases 
complicated by an intense diarrhea. A mild degree of diarrhea so 
often found in this disease does not seem to prevent a satisfactory 
absorption of the digested food. A nitrogen retention may often 
be obtained even on a mainly vegetable diet, the type consumed 
by the patients before their attack of pellagra. These findings are 
in agreement with the fact that pellagra often occurs in persons who, 
to all outward appearances, are well nourished. Pellagra must, 
therefore, not be looked upon as a disease of deficient nutrition in 
the ordinary sense. 

The digestive secretions show some definite, although not constant, 
deviations from the normal. An abundant salivation is often found 
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in cases with a severe stomatitis. Actual measurements of the rate 
of fiow have shown, however, that most patients exhibit a normal 
rate of salivary secretion. The specific gravity of the saliva is some- 
what higher than that of normal secretion, which accounts also for 
the increase in the various constituents in the fresh saliva. The 
diastatic power is unchanged (Sullivan and Jones, 1919). In regard 
to gastric secretion (Hunter, Givens, and Lewis, 1916), it was found 
that a large number of pellagrins, though not all, suffer from anacidity 
and lack of pepsin. Free hydrochloric acid may be increased, normal, 
decreased, or absent. Pepsin is absent in cases of anacidity. Chil- 
dren are affected in the same way as adults (Givens, 1918). There 
seems to be no relation between the severity of the disease and the 
degree of gastric disturbance. In some cases with anacidity and 
absence of pepsin, the administration of hydrochloric acid by mouth 
results in the secretion of pepsin. It is interesting to call attention 
to several cases with anacidity which, as a result of the dietary 
treatment, had lost all clinical symptoms of the disease, and yet 
had not shown a return of the gastric secretion to normal, even after 
several months. This points to a more or less permanent damage to 
the secretory apparatus, which may possibly find its explanation in 
a permanent anatomical change either of the nervous inervation of 
the gastric glands or in the glands themselves. No records are avail- 
able as to the secretion of trypsin or erypsin ; but in view of the fact 
that even cases with a complete loss of gastric secretion showed a 
good intestinal digestion, it must be assumed that trypsin and erypsin 
are present in normal amounts and may take over the function usually 
performed by pepsin. Trypsin was found in the stomach contents 
in cases of anacidity, a fact which is probably due to regurgitation of 
the duodenal contents as a result of the stomach examination. 

An examination of the feces and the urine indicates that peUagra 
is associated with an increase of intestinal putrefaction; the feces 
possessing a foul odor and containing an abnormally high amount 
of indol and skatol (Myers and Fine, 1913) ; the urine showing an 
increase of indican, ethereal sulphates, and hippuric acid. It was 
shown that certain cases on a vegetable diet excrete indol-acetic or 
indol-aceturic acid in the urine in the place of indican (Hunter, 
Givens, and Lewis, 1916). This increased intestinal putrefaction 
may be due at least in part to gastric anacidity. Whether it may be 
the cause of some of the manifestations of the disease or whether it 
is merely the effect of the disease can not be decided. It is highly 
suggestive, however, that a well-marked indicanuria often shows a 
decided tendency to decline with the simultaneous improvement in 
the clinical condition of the patient. In our extensive experience in 
Spartanburg, we also found that a thorough cleaning out of the intes- 
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tines in severe cases temporarily led to a marked improvement in 
the clinical condition of the patients so treated. 

The Hood shows sometimes the changes characteristic of a mUd 
secondary anernia; but often the blood picture is normal (Hillman, 
1913). It is probable that a large number of the cases showing 
evidence of anemia are complicated by hookworm disease or malaria, 
which are very common in countries where pellagra is endemic. 
The quantitative determination of the ordinary blood constituents 
(Lewis, 1920), such as urea, sugar, chlorides, calcium, magnesium, 
sodium, and potassium, has shown that these substances are present 
in normal amounts, irrespective of whether the patient is on a mixed 
or a mainly vegetable diet. The total nonprotein nitrogen of the 
blood is higher on a mixed diet than on a vegetable diet, a fact that 
probably has no particular pathological significance. Jobling and 
Maxwell (1917) found normal values for the alkali reserve of the blood 
from pellagrins on a mixed diet. The viscosity showed a slight varia- 
tion from normal. To summarize, it is seen that the blood shows no 
striking abnormalities, a fact which must be given due consideration 
in any attempt to explain the causation of the disease. 

As to the composition of the urine, I have previously called attention 
to the increase in the indican, hippuric acid (Murlin, 1920), and the 
ethereal sulphates. The creatinin coefficient is low, this being 
probably due to a lowered metabolism in this disease. The purin 
metabolism appears to be practically normal.' There are certain 
indications that the excretion of the amino-acid nitrogen is increased 
in cases with gastric anacidity (Murlin, 1920), an observation which 
points to an imperfect cleavage of proteins in the absence of gastric 
digestion. The neutral sulphur fraction of the urine is also increased. 
In summing up the results of the urinary findings, it is evident that 
the abnormalities which have been observed so far may be referred to 
disturbances in the gastro-intestinal tract. 

In view of the fact that pellagra sometimes occurs in breast-fed 
infants, it is of considerable interest to obtain some information as 
to the chemical composition and food value of the human milk in this 
disease. A chemical analysis of milk secreted by several well-marked 
cases on a vegetable or mixed diet led to the following conclusions 
(Voegtlin and Harries, 1920) : The volume may be normal or reduced, 
depending somewhat on the general nutritional state and food con- 
sumption of the patient. Very severe cases often secrete only 100 
to 300 cc, or less, of milk per day, whereas we have records of milder 
cases which yielded approximately one-half to one liter. Lactose, 
fat, protein-nitrogen, and total solids were found to fall within the 
normal limits, but considerably below the normal average. The 
total ash and phosphate content was normal. A slight reduction of 

' Unpublished observations by M. H. G ivens. 
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calcium, magnesium, and potassium was noted, whereas chlorides 
and sodium were present in larger amounts. The character of the 
diet has no inJfluence on the percentage composition of the milk, with 
the exception that a change from the vegetable diet to a mixed diet 
is accompanied by a marked increase in total nonprotein nitrogen. 
The conclusion to be drawn from these observations is that w^eU- 
marked cases of pellagra yield a milk, which, as far as its composition 
with respect to the known milk constituents is concerned, does not 
show a sufficient deviation from the normal to account for the disease 
in nursing infants. It is interesting to note that the chemical com- 
position of the mOk in beriberi, a disease which is definitely regarded 
as being due to deficiency of the diet in antineuritic vitamine, also 
reveals no abnormalities in its composition as far as this can be deter- 
mined by chemical analysis. It remains to be seen whether or not 
the milk in pellagra ever differs from the normal with regard to its 
content in so-called vitamines. This important question can only 
be settled by the determination of the biological food- value of such 
milk by means of feeding experiments on animals. 

In closing this chapter, I feel justified irt stating that the metab- 
olism in pellagi'a shows definite deviations from the normal, which 
may prove to be of value in the diagnosis and prognosis of the dis- 
ease. In conjunction with the other data to be presented, they 
may also assist in clearing up the still somewhat obscure etiology. 

Influence of Diet on the course of Pellagra. 

I have previously called attention to the good results obtained in 
the treatment of pellagra by means of a diet containing a consider- 
able amount of milk, eggs, and meat. The question arises. Is the 
diet the essential factor in this treatment ? Without some con- 
vincing evidence to the contrary, it might be argued that other fac- 
tors involved in the hospital treatment, rest, and drugs, might ac- 
count for the improvement in the clinical condition of the patient. 
This question was put to a test when the pellagra hospital in Spar- 
tanburg was opened in the summer of 1914. 

Upon admission to the hospital, the patients, with a moderate 
attack of pellagra, uncomplicated by any other disease, were put 
on a diet which, in all essential respects, closely resembled the diet 
which these patients had consumed before being attacked by pel- 
lagra. As will be seen from the accompanying table, this diet (A) 
is mainly composed of vegetable foods, cereals, potatoes, and a 
small amount of green vegetables, but also containing a very small ' 
quantity of lean meat and milk. 
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I'ood. 


Amount 

of 

food 

(gms.). 


Pro- 
tein 
(gms.). 


Fat 
(gms.). 


Car- 
bohy- 
drate 
(gms.). 


Calo- 
ries. 


CaO 
(gms.). 


MgO 

(gms.). 


NajO 
(gms.). 


(gms.). 


CI 
(gms.). 


PjOs 
(gms.). 


Wheat bread 


300 
30 

100 
50 
25 
75 
30 
50 

150 
30 

100 
40 
40 


25.0 

.3 

.7 

4.1 

0.0 

0.0 


10.2 
21.8 
.4 
1.8 
3.7 
1.0 


144.7 

"i'.i' 

36.5 

■"54.'9' 
21.3 

"ii'.h' 

20.8 
5.7 

39.9 
1.8 


790 
232 

22 
183 

69 
202 

84 
428 

98 

88 

38 
158 

31 


0.075 
.006 
.068 
.007 
.008 
.010 


0.081 
.001 
.026 
.065 
.010 
.097 


0.120 

■'.'656' 
.015 


0.438 
.006 
.450 
.085 


0.210 
".636 


0.600 


Butter 


009 




.090 


Com meal . 


.150 


Ham 




Hominy 


.022 


.128 




.225 


Com sirup 




Pork 


1.5 

2.4 

.6 

.5 


45.3 
...... ^. 

.5 














Potatoes - 


.024 
.018 
.480 


.054 
.024 
.050 


.037 
.030 
.110 


.600 
.360 
.370 


.016 
.003 
.170 


210 




.075 


Turnip tops. . . 


.110 


Sugar. 




Milk . 


1.4 


1.9 


.068 


.008 


.027 


.068 


.048 


.066 






Total 




50.5 


89.8 


350.8 


2,473 


.704 


.416 


.713 


3.146 


.506 


2,110 













Composition of diet B, 


complete. 










Food. 


Amoimt 

of 

food 

(gms.). 


Pro- 
tein 

(gms.). 


Fat 
(gms.). 


Car- 
bohy- 
drate 
(gms.). 


Calo- 
ries. 


CaO 

(gms.). 


MgO 

(gms.). 


Na,0 

(gms.). 


K2O 
(gms.). 


CI 
(gms.). 


PjOj 

(gms.). 


Wheat bread 


300 
45 
50 
100 
100 
100 
160 
30 
40 
1,000 


26.0 
.6 
4.1 
13.4 
21.1 


10.2 
37.2 

1.8 
16.8 

1.3 


144.7 

"zh'.i' 

'"Y.9 
21.5 
20.8 
39.9 
44.9 


790 
348 
183 
211 
98 
32 
98 
88 
158 
775 


0.075 
.009 
.007 
.093 
.011 
.050 
.021 
.018 


0.081 
.001 
.065 
.015 
.010 
.020 
.054 
.024 


0.120 

".'6i,V 
.200 

.090 

.010 

.037 
.030 


0.438 
.009 
.085 
.165 
.420 
.220 
.800 
.300 


0.210 

".'ioo' 

.050 
.010 
.015 
.003 


o.coo 


Butter . 


.014 




.160 


Eggs 


.370 


Meat 


..500 




.030 


Potatoei.. ..:::;:::■; 


'2.4 
.0 


"".'2 


.210 


Prunes 


.075 


Sugar 




Mifk ... 


3.5.8 


47.8 


i.6s6 


.190 


.080 


i.7i6 


1.200 


2.160 








Total 




102.9 


115.3 


310.2 


2,781 


1.907 


.490 1 1.182 


4.207 


1.C18 


4.099 













It contains a fairly great variety of foods, a relatively low pro- 
tein and high carbohydrate content, a sufficient fuel value, and is 
representative of the diet consumed by a considerable portion of 
the population in that section of the country. The patients re- 
ceived the very best medical attention. All drug treatment was 
omitted. The food was carefully prepared, and the actual food 
consumption was determined in the case of each patient during the 
entire period of confinement to the hospital. A careful, detailed 
clinical record was kept. The results of this treatment on over 100 
cases may be briefly summarized as follows: 

Almost without exception the general clinical condition of these 
patients remained either stationary or gradually became more aggra- 
vated simultaneously with an increase in the pellagrous manifesta- 
tions. The skin lesions often spread to parts 01 the body which had 
not been affected previously; there was also an increase in the stoma- 
titis and the gastro-intestinal symptoms. The appetite, as a rule, was 
good for the first few weeks, but diminished gradually. The nervous 
manifestations, such as disturbances in sensation, reflexes, and men- 
tality either showed no change or increased in severity. A few cases 
developed an acute psychosis. A careful examination of the dietary 
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record showed that the patients had consumed sufficient food. The 
patients were then changed to a diet (B) which differed from the 
former in containing 1 liter of milk, about 4 eggs, and 100 grams of 
fresh beef. On this diet the patients gradually improved to a sur- 
prising extent, the improvement ending in many cases in the complete 
disappearance of all recognizable manifestations of the disease. 
Another group of patients was placed upon this same mixed diet 
immediately after their admission to the hospital, with the result 
that most cases began to show definite improvement within two 
weeks, this improvement finally resulting, in the course of two 
months or more, in the apparent recovery of the patient. A rela- 
tively small number of cases in a far advanced stage of the disease 
did not improve in spite of the same dietary treatment. This is to 
be expected, however, in such a disease which is known to lead ulti- 
mately to serious anatomical lesions in various organs, especially the 
central nervous system, the repair of which, if it takes place at all, 
requires a long period of time. On the whole, these experiences have 
shown us conclusively that a proper diet containing a sufficient 
amount of milk, eggs, and meat, is the essential factor in the treat- 
ment, and determines the course of the disease. 

It now becomes a matter of the greatest importance to discover 
the reason for the therapeutic, and, presumably, the prophylactic, 
value of these animal foods (Voegtlin, Neill, and Hunter, 1920). 
For this purpose, patients with a well-marked attack of pellagra were 
put on the restricted vegetable diet (A) as soon as admitted to the 
hospital. The general care of the patients and the control of the 
diet were the same as in the previous series of cases. Other patients 
were kept under constant observation in their homes in the neighbor- 
hood, the diet and other hygienic conditions remaining the same as 
they had been previous to the patients being attacked with pellagra. 
A daily record of the foods consumed by these patients was kept by 
the patient himself or his relatives, and the general character of the 
diet was verified as far as possible by frequent visits to the home. 
During a preliminary period of several weeks, the clinical condition of 
the patient was carefully followed. As soon as it was definitely seen 
that the case remained stationary, or was getting progressively worse, 
a fat-free alcoholic extract prepared from yeast, rice polishings, ox 
liver, or thymus gland, was administered daily for several weeks. 
The preparations made from yeast and rice polishings were chosen 
for their high content in antineuritic vitamine, as shown by their 
efficiency in the treatment and prevention of polyneuritis in pigeons. 
These preparations do not contain the antiscorbutic or fat-soluble 
vitamine. The selection of the extracts from liver and thymus was 
based on the assumption that animal foods, and particularly the 
liver, in all likelihood would contain at least two dift'erent vitamines 
viz., the fat-soluble and the antineuritic' 

'All details of the preparation, analysis, and biological testing of these extracts will be found in 
Hygienic Laboratory Bulletin No. 116. 
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For various reasons only 13 cases yielded results which were above 
criticism. These are highly suggestive, however, and it is hoped that 
ihis important branch of the work will be extended by other investi- 
gators. Briefly stated, the results were as follows: First, the admin- 
istration of yeast and rice extracts over a considerable period of time 
and in large amounts failed to modify the course of the disease, with 
the possible exception of one case in which this treatment coincided 
with the disappearance of well-marked nervous symptoms. This 
clearly indicates that the defect of the so-called pellagrous diet is not 
due simply to a deficiency in antineuritic vitamine, as it can not be 
corrected by the administration of relatively large amounts of this 
substance. Second, the administration of the liver preparations to 
pellagrins was followed by an improvement in their condition, appar- 
ently comparable to that produced by the consumption of a diet 
containing a considerable amount of milk, eggs, and meat. The 
evidence so far available, therefore, indicates that the dietary defect 
presumably responsible for pellagra is distinctly different from, and 
probably more complex than, the one causing human beriberi. 

The Dietary Factor in the Prevention of Pellagra. 

The correctness of the dietary theory must, at least in part, be 
based on the prevention of the disease by means of a proper diet. 
Very substantial proof of this sort has been furnished in the case of 
other diseases of dietary origin. Beriberi, for instance, can be pre- 
vented by including in the diet a sufficient amount of foods rich in 
antineuritic vitamine. Scurvy does not occur if the diet contains 
fresh vegetables, fresh meat, or certain fresh fruits. Xerophthalmia 
fails to appear if a diet rich in fat-soluble vitamine is consumed. As 
regards pellagra, I have already referred to the disappearance of this 
disease from southwestern France, evidently coinciding with a radical 
change in the diet of the population. It is obvious, however, that 
in this instance the evidence is by no means above criticism, as the 
available information in regard to the diet is more of a general 
nature. 

Goldberger, Waring, and Willets (1915) were the first to show con- 
clusively that pellagra can be prevented by means of an appropriate 
change in diet. Three southern institutions were selected for the 
execution of this preventive experiment — two orphanages and a 
hospital for the insane. In each of these institutions a large number 
of cases of pellagra had occurred for a number of years previous to the 
beginning of the preventive test. In the autumn of 1914, the diet in 
these two orphanages and that in two wards of the hospital for the in- 
sane was supplemented by the addition of milk, fresh meat, eggs, and 
dried beans. The general hygienic conditions outside of the diet re- 
mained unchanged. In October 1915, or one year after the change in 
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diet was made, only one out of 244 pellagrins had a recurrence of the 
disease ; whereas, on the basis of previous experience there might have 
been expected approximately 50 per cent recurrences. Furthermore, 
there was observed no new case of pellagra among the 168 nonpellag- 
rous residents in the two orphanages. The conclusion to be drawn 
from this experiment is that pellagra can be prevented by an appro- 
priate diet, without any alteration in the other hygienic conditions. 

Experimental Production of Pellagra. 

I have now arrived at the crucial phase of the whole pellagra 
problem, viz., the review of the attempts to reproduce the disease 
experimentally in the lower animals and in man by means of a de- 
fective diet. The Italian school believed that they had produced 
symptoms resembling pellagra in the lower animals and in man by 
the administration of extracts of spoiled corn. Raiibitschek (1910) 
on the basis of animal experiments, advanced his very attractive 
photo-dynamic theory, which assumes that certain cereals contain a 
substance which renders the skin oversensitive to sunlight. Criti- 
cally viewed, none of these experiments stands the test of modern 
medical science. For this reason I began, in January, 1914, an ex- 
tensive series of feeding experiments on various animals, in the hope 
of being able to produce symptoms and pathological changes resem- 
bling those found in pellagra. The results obtained are of sufficient 
interest to be presented briefly. 

It was found that a restricted vegetable diet composed of cereals 
and tubers and some fresh vegetables was insufficient to maintain 
life over a long period of time. The animals developed constipation 
followed by diarrhea, marked changes in reflex excitability, and 
convulsions; a stuporous state was noticed in monkeys. In two of 
these animals the tongue assumed the characteristic denuded and red 
appearance seen in pellagra, and the dorsal surface of the feet showed 
a wet dermatitis. A typical pellagrous dermatitis was never ob- 
served in any of these animals. At my suggestion, Dr. Sundwall 
submitted the tissues of these animals to a careful histological ex- 
amination, from which he concluded that "there was a striking 
similiarity of cell alterations seen in these animals and in those 
changes previously observed in the tissues procured from pellagrins. 
In fact, practically all the changes noted in the latter were observed 
in these animals." These changes consist of (a) passive congestion 
in practically all tissues; (b) various degrees of retrogressive changes 
in many of the thoracic and abdominal viscera, such as cloudy 
swelling, hydropic degeneration, fatty infiltration and degeneration, 
hyaline and ameloid degeneration; congestion, hemorrhage, and ulcera- 
tion of the gastro-intestinal tract; (c) pigmentation, principally hemo- 
siderosis; {d) degeneration in the central nervous system affecting 
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chiefly the reflex arches and the pyramidal nerve tracts (Sundwall, 
1917). 

Miss Koch and I submitted the various parts of the central nervous 
system from some of these animals and also those from five uncom- 
plicated cases of pellagra to a detailed chemical analysis. The re- 
sults showed that both the animal and human tissues differed very 
markedly in their chemical composition from the normal, and that 
the changes found in the animal tissues were strikingly similar to 
those found in the tissues from pellagrins (Hyg. Lab. Bull. 103). 

We have therefore demonstrated that it is possible to produce in 
animals by means of a restricted vegetable diet, both histological 
and chemical changes which, in all respects, with the exception of the 
skin lesions, are identical with those found in pellagra. The changes 
in the spinal chord are of particular significance as the pellagrous der- 
matitis has been attributed by pathologists to these central lesions 
(See Mott, 1913, Singer and Pollock, 1913). The absence of the 
dermatitis in our animals may possibly be due to essential differences 
in the reaction of the skin of the various species to such changes. As 
interesting as these findings may be, it should not be forgotten that 
these histological changes are not specific of pellagra only. 

Another attempt at the experimental production of pellagra was 
reported by Chittenden and Underbill (1917), who found that dogs, 
when fed over several weeks or jnonths on a diet composed of "crack- 
ers" (made from highly milled wheat flour), boiled peas, and vege- 
table fat, developed symptoms which the investigators considered as 
resembling those found in pellagra. The animals suffered from 
diarrhea, loss of appetite, and developed a marked and extensive 
ulceration of the oral mucous membrane. The same symptoms, were 
produced in dogs by a diet of white bread, lard, and milk. After the 
addition of fresh meat to the food, the symptoms promptly dis- 
appeared. During the last two years, I have observed what was 
evidently the same condition in dogs fed on a diet of white bread and 
pasteurized milk, the symptoms disappearing after the addition of 
fresh meat to the diet. The ulceration of the oral mucous membrane 
differs, however, considerably from the pellagrous stomatitis, inas- 
much as the marked redness of the tongue and oral mucous mem- 
brane, so characteristic of pellagra, is absent. The skin lesions de- 
scribed by Chittenden and Underbill consisted of pustules filled with 
pus organisms and located on the thorax and upper part of the 
abdomen. These skin lesions bear no resemblance to those found in 
pellagra as they do not show the characteristic distribution and 
appearance. 

I therefore believe that we are justified in the conclusion that up 
to the present time unquestionable pellagra has not been produced in 
animals, although certain symptoms and pathological changes have 
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been observed in animals on a restricted vegetable diet, which 

greatly resemble the changes found in pellagra. 

I shall now refer briefly to an experiment by Goldberger and 

Wheeler (1915), aiming at the experimental production of pellagra 

in the human being. Following the classical example of Fraser and 

Stanton (1909), who produced beriberi in the human by means of a 

deficient diet, 11 prisoners of a southern prison camp who volunteered 

for this experiment, were kept from April, 1915, to October of the 

same year on a restricted vegetable diet prepared from bolted wheat 

flour and corn meal of good quality, polished rice, sugar, pork fat, 

sweet potatoes, and a relatively small quantity of cabbage, coUards, 

and turnip greens. At the end of five months six of the volunteers 

had developed symptoms which were diagnosed as pellagrous. The 

dermatitis was first noted on the scrotum, later it appeared on the 

backs of the hands in two cases, and on the neck in one case. Mild 

nervous and gastrointestinal symptoms were noted. Although the 

evidence furnished by this experiment is aiot very extensive, it appears 

that pellagra has been produced in the human by mean^ of a restricted 

vegetable diet. 

Nature of the Dietary Defect. 

It is seen that I have presented a considerable number of facts in 
support of the hypothesis that pellagra is principally due to the 
continuous consumption of a restricted vegetable diet. The ques- 
tion arises, Why should a restricted vegetable diet cause pellagra when 
we know that certain Eastern races live on a vegetable diet without 
contracting the disease ? At the time when I formulated this hypoth- 
esis, I gathered information which would help to explain this evident 
discrepancy, and in the course of the work I have constantly kept 
this point in mind. What I have to offer are merely suggestions, 
which may be of value to others in future work. 

The available information regarding the composition of the so- 
called pellagrous diet shows that it is a restricted vegetable diet in 
which corn, wheat, and vegetable or animal" depot" fat, play a 
predominant r61e, with green vegetables forming only a relatively 
small i)art of the ration. In the light of the work of Osborne, Mendel, 
and, especially, McCollum and his associates, it is now evident that 
such a diet may be deficient in certain essential elements, particu- 
larly in protein of adequate composition, vitamines and calcium and 
sodium. A dietary survey in pellagrous families in South Carolina 
impressed upon me, furthermore, the fact that both wheat foods and 
hominy were prepared from highly milled products, which, according 
to some recent work of Lake, Myers, and myself (1918), are more 
deficient in respect to antineuritic and fat-soluble vitamines and 
inorganic salts than the whole cereals. Some time ago we called 
attention to the fact that the rapid increase in pellagra in this country 
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during the last 20 years followed soon after the introduction of 
these highly milled cereal foods (Voegtlin, Sullivan, and Myers, 1916). 
I do not mean to infer that this change alone might explain the 
increase in pellagra, but I do believe that it represents one of the 
important factors which, in conjunction with less favorable economic 
conditions and abnormal dietary habits, has led to the reduction of 
the food value of the diet consumed by the pellagrous population 
of the South. 

The further observation brought out by this dietary survey was the 
fact that corn bread was often made from corn meal, baking soda, 
water, and salt, a method of cooking which we were able to show 
destroys the antineuritic vitamine originally present in the corn meal. 
Hence, it becomes evident that the use of highly milled cereals and 
the improper preparation of corn bread still further decrease the food 
value of the already deficient diet. Is it not reasonable, therefore, 
to assume that such a diet would lead to a very serious dietary defi- 
ciency in both the well-recognized factors as well as the so-called 
vitamines. For instance, a temporary reduction or elimination of 
the fresh vegetables and milk, which are not as easily procurable 
during the winter months, might lead to the critical reduction in the 
consumption of the antiscorbutic, antineuritic, and fat-soluble 
vitamine, the calcium, and the protein of proper composition, thus 
gradually preparing the individital for the attack of pellagra in the 
following spring and summer months. Such seasonal variations in 
the incidence of pellagra and in the food supply of the nature just 
indicated have been noted by those who have paid particular atten- 
tion to this point. On the other hand, it appears from the dietary 
studies of Capt. McCay (1910), in India, and of Yukawa (1909), in 
Japan, that the vegetarians of those countries live on a more nutri- 
tious diet, including more green foods, a fact which may explain their 
immunity from pellagra. This view is supported by the recent 
observations of McCollum that a properly balanced mixture of seeds 
and the leafy parts of plants may constitute a satisfactory diet. It 
is very plain that the restricted vegetable diet which is presumably 
responsible for pellagra is not properly balanced in this respect. 

McCollum, Simmonds, and Parsons (1919), have tested on growing 
rats the diet used by Goldberger and Wheeler in the production of 
pellagra, and have found that young rats are able to live on this diet 
for at least 16 months without, however, showing any increase in 
weight. The animals did not develop any signs of deficiency disease, 
but looked "very old and rough-haired." On the basis of these and 
similar experiments, McCollum comes to the conclusion that pellagra 
is caused by an infectious agent in individuals whose vitality has been 
lowered by a faulty diet. This conclusion is not necessarily justified. 
I can not refrain here from sounding a note of warning against the 
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indiscriminate use of evidence obtained from feeding experiments of 
one species of animals for the formulation of the dietary requirements 
of other species. It is to be constantly kept in mind that certain 
species are more resistant than others to certain dietary deficiencies. 
Albino rats, for instance, are immune to scurvy; and had it not been 
that this disease can be produced with the greatest ease in guinea 
pigs, by a diet lacking in antiscorbutic vitamine, the dietary theory 
of scurvy might never have been accepted. Furthermore, Lake and 
I (1919) have been able to show that rats are more resistant than cats 
and dogs to a dietary deficiency of the antineuritic vitamine. Man, 
on the other hand, is susceptible to all the dietary deficiency diseases 
which so far have been clearly recognized. 

The conception that pellagra is due to a dietary deficiency is,' 
therefore, not contradicted by the available evidence. This does 
not imply that the disease is necessarily due to a deficiency of the 
diet in a specific substance such as the hypothetical pellagra vitamine 
of Funk (1913). It is more likely that the pellagrous syndrome is 
caused by a comMnation of the deficiencies in some oftJie well-recognized 
food factors, an hypothesis which would account, first, for the re- 
semblance between the symptomatology and histopathology of 
scurvy, beriberi, and pellagra, and, second, for the groat individual 
variation in the symptom complex observed in different patients. 
Thus, children often exhibit a marked dermatitis without stomatitis 
or nervous symptoms. The old and much disputed question of 
"pellagra sine pellagra," or in other words, the occurrence of 
pellagra without skin symptoms, would also find its solution. 
Suggestive evidence in this matter is found in the favorable results 
obtained in the treatment of pellagrins with extracts of ox liver, 
which I previously presented. It is very probable that an extension 
of this work may throw some light upon the nature of the dietary 
defect. Further attempts should also be made to produce the 
disease in animals, in view of the fact that the cause of scurvy and 
beriberi was cleared up largely as a result of the experimental produc- 
tion of these diseases in the lower animals. 

Summary. 

I regret that time did not permit me to review critically the evi- 
dence which has been put forth in support of the infectious theory. 
It might appear as if I had purposely disregarded the possibility of 
pellagra being essentially an infectious disease. May it suffice to 
state that there is no direct proof that pellagra has ever been trans- 
mitted experimentally in man or to animals, although a great deal 
of effort has been spent in this direction. The only evidence which, 
at first glance, seems to favor the infectious theory is based on 
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epidemiological data.* The infectious agent is supposed to be 
transmitted either by a fly (Simulium) or through human excreta. 
The proof for these assumptions is indirect in nature and is therefore 
subject to erroneous interpretation. 

The conclusions to be drawn from the recent work on pellagra are 
the following: 

1. The hypothesis that there is a causal relation between pellagra 
and a restricted vegetable diet has been substantiated by direct 
proof to this effect and has led to results of considerable practical 
and scientific value. 

2. The metabolism in pellagra shows certain definite changes 
from the normal, which point to decreased gastric secretion and 
increased intestinal putrefaction. 

3. In the treatment and the prevention of pellagra, diet is the 
essential factor. The disease can be prevented by an appropriate 
change in diet without changing the other sanitary conditions. 

4. A diet of the composition used by pellagrins prior to their 
attack by the disease leads to malnutrition and certain pathological 
changes in animals, resembling those found in pellagra. A typical 
pellagrous dermatitis has not been observed in animals. Pellagrous 
symptoms have been produced in man by the continued consumption 
of a restricted vegetable diet. 

5. The nature of the dietary defect has not been discovered, 
although certain observations point to a combined deficiency in 
some of the well-recognized dietary factors as the cause of the 
pellagrous syndrome. 
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